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ABSTRACT 

This  r e p o r t  desc r ibes  t h e  a n a l y s i s  and r e su l t s  based upon t h e  analog 

r eco rds  of r ada r  observa t ions  during t h e  pos t  launch per iod  of t h e  ECHO I1 

f l i g h t  t e s t .  The s t a t i s t i ca l  p r o p e r t i e s  of t h e  radar c r o s s  s e c t i o n  r e t u r n  

a re  examined t o  determine t h e  mean va lues  of t h e  c r o s s  s e c t i o n  and t h e  n a t u r e  

of t h e  s c i n t i l l a t i o n s  of  t h e  c ross  s e c t i o n s .  Anomalies i n  t h e  da t a  a re  

examined and explana t ions  of t hese  anomalies i n  terms of ho le s ,  plasmas, 

g ross  d i s t o r t i o n s ,  e t c . ,  a r e  examined and d iscarded .  It i s  concluded t h a t  

t h e  f l i g h t  t e s t  bal loon achieved its 133 f o o t  diameter s p h e r i c a l  shape wi th  

gene ra l ly  minor surface v a r i a t i o n s  and t h a t  t h e  ba l loon  can be used e f f ec -  

t i v e l y  f o r  communications purposes. 
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I. INTRODUCTION AND SUMMARY 

1.1 Backaround Information 

1.1.1 H i s t o r i c a l  Background 

This  r e p o r t  desc r ibes  t h e  c o l l e c t i o n ,  reduct ion ,  and a n a l y s i s  of  da t a  

rece ived  from r a d a r  observa t ions  of ECHO 11. It summarizes work done d u r h g  

t h e  f irst  f i v e  months of t h e  t h i r d  phase of t h e  cont inuing  ECHO I1 sa t e l l i t e  

a n a l y s i s  program sponsored by NASA/GSFC. 

f i r s t  two phases s o  t h a t  t h e  work repor ted  on he re  can be viewed i n  t h e  

contex t  of t h i s  cont inuing  e f f o r t .  

c i r c u l a r  segments of EZHO I1 mate r i a l  were maintained on a suppor t  s t r t i c t u r e  

and t h e  r a d a r  c ross -sec t ion  was measured on a r a d a r  range. 

b i s t a t i c  (up t o  angles  of 30 ) r ada r  c ross -sec t ion  measurements were performed 

a t  L and C band f requencies ,  f o r  varying condi t ions  of t a n g e n t i a l  s k i n  stress, 

and a f t e r  r e l a x a t i o n  of pressure .  

t h i s  segment measurement technique had been developed t o  t h e  p o i n t  t h a t  it 

could r e l i a b l y  p r e d i c t  t h e  mean cross-sec t ion  of t h e  bal loon as a func t ion  of 

t h e  ba l loon  i n f l a t i o n  h i s t o r y .  Concurrently,  t echniques  were developed t o  

determine t h e  s a t e l l i t e  shape and su r face  c h a r a c t e r i s t i c s  a s  revea led  by 

r a d a r  s i g n a t u r e  c h a r a c t e r i s t i c s  of t he  r e t u r n  from t h e  bal loon.  

s i g n a t u r e  c h a r a c t e r i s t i c s ,  s tud ied  as func t ions  of look angle ,  and frequency, 

inc luded  mean r a d a r  c ross -sec t ion ,  s c i n t i l l a t i o n  of t h e  r a d a r  r e t u r n ,  and 

t h e  au to -co r re l a t ion  func t ion  of t h e  time varying cross -sec t ion  h i s t o r y .  

We s h a l l  now b r i e l l y  d i scuss  t h e  

In  t h e  f irst  phase of t h e  program 12-foot 

Monostatic and 
0 

A t  t h e  conclusion of t h i s  f i r s t  phase 

These r a d a r  

The second phase of t h e  program cont inued t h e  work s t a r t e d  i n  t h e  

f irst  phase and i n  a d d i t i o n  included r e f l e c t i v i t y  measurements of t h e  

ba l loon  during s t a t i c  i n f l a t i o n  tests a t  Lakehurst  Naval A i r  S t a t i o n .  

These measurements were performed a t  L-band and C-band f requencies ,  f o r  

small increments of pressure ,  ranging rrom 400 PSI t o  12,000 PSI t a n g e n t i a l  

s k i n  stress, and over a continuous b i s t a t i c  a s p e c t  range from 0 - 30'. 
The r e p o r t  i s sued  a f t e r  t h i s  po r t ion  of t h e  program was completed (Reference 

1) discussed  t h e  r e f l e c t i v i t y  of t h e  ba l loon  as a func t ion  of s u r f a c e  

s t r e s s i n g ,  frequency, p o l a r i z a t i o n ,  and viewing a s p e c t  and contained 

r a d a r  c ros s - sec t ion  p a t t e r n s  taken a t  t h r e e  s e p a r a t e  s u r f a c e  s t r e s s e s  - 
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2,800, 4,800, and 7,400 PSI. 

t h e  s u r f a c e  from s p h e r i c a l  were prepared 

r e f l e c t i v i t y  computed from t h e s e  maps and t h e  measured va lues .  

Photogrammetric maps showing t h e  v a r i a t i o n  of 

High c o r r e l a t i o n  was found between 

1.1.2 Object ives  of t h e  F l i g h t  Test Data Reduction and Analysis  Program 

The d a t a  r educ t ion  and ana.lysis program is  intended (1) t o  provide 

information on t h e  degree of r i g i d i t y  a t t a i n e d ,  t h e  ba l loon  s u r f a c e  char- 

a c t e r i s t i c s  and geometry, and t h e  o r i e n t a t i o n  of t h e  s a t e l l i t e ;  (2) t o  
determine t h e  dynamic r a d a r  c h a r a c t e r i s t i c s  of EXHO 11; and (3) t o  t e s t  t h e  

use fu l lnes s  of s t a t i c  r a d a r  data i n  p r e d i c t i n g  t h e  commlmication p r o p e r t i e s  

of pas s ive  i n f l a t a b l e  s a t e l l i t e s .  

The s a t e l l i t e  was launched by KASA/','SF"C on t h e  morning of Saturday, 25 

January 1964. 
t o  f u r n i s h  NASA/GSFC wi th  data f o r  a n a l y s i s  from which can be determined 

t h e  fo l lowing  s p e c i f i c s :  

Various r a d a r s  were ass igned  by t h e  DO13 and o the r  organiza t ions  

a .  

b. 

c h a r a c t e r i s t i c s  of t h e  bal loon siirface and geometry, 

comparison of  r a d a r  r e t u n s  a s  obtained from Phase I 
arid I1 ground measuements wi th  r a d a r  data  f o r  t h e  

o r b i t i n g  bal loon,  

ba l loon  s p i n  a x i s  o r i e n t a t i o n  and s p i n  r a t e .  c.  

The r a d a r  da t a  was taken a t  f requencies  from SHF through X-band and t e l eme t ry  

da t a  was c o l l e c t e d  from beacons opera t ing  a t  f requencies  of 136.170 MZ and 

136.020 MC. 

1.1.3 Data Co l l ec t ion  

Under t h e  program observers  were s t a t i o n e d  a t  t h e  fol lowing s i t e s :  

a .  The L-band r a d a r  a t  Mil ls tone H i l l ,  Massachusetts,  

b. Wallops I s l and ,  Vi rg in ia ,  where S, X, and UHF r a d a r s  were used, 

and 

The S-band RAMPART r a d a r  a t  White Sands Nissile Range. c. 

Data from t h e  s i tes  l i s t e d  were fu rn i shed  i n  t h e  form of analog pen 

records .  I n  add i t ion ,  analog records were rece ived  from t h e  C-band r a d a r s  

- 2 -  



a t  Kwajalein, and Ascension I s l and ;  and beacon analog records  and r a d a r  

da t a  taken a t  t h e  Royal Radar Establishment (RRE) a t  Malvern, England, 

were made a v a i l a b l e .  A l l  of  t h e s e  analog records  formed t h e  b a s i s  f o r  

s e v e r a l  r e p o r t s  (References 2 and 3) on t h e  i n t e r p r e t a t i o n  of  t h e  co l -  

l e c t e d  r a d a r  da t a  and a r e  t h e  main da t a  used f o r  t h i s  Summary Report .  

A series of data processing and s t a t i s t i c a l  programs a r e  now prepared f o r  

t h e  IBM 7090 computers ( a t  Goddard Space F l i g h t  Center )  t o  permit  i n t e n s i v e  

a n a l y s i s  of t h e  radar da t a  s t o r e d  on magnetic t ape .  

The da ta  c o l l e c t i o n  e f f o r t  was very i n t e n s i v e  during t h e  first two 

weeks ECHO I1 was i n  o r b i t  s o  as t o  examine bal loon behavior  during i n i t i a l  

p r e s s u r i z a t i o n  and during t h e  f i r s t  cont inaous s u n l i t  per iod o f  e leven days 

and t h e  i n i t i a l  e c l i p s e  per iod .  

l e c t e d  ECHO I1 data on a non-interference b a s i s  with o ther  measurements 

u n t i l  observa t ions  were aga in  increased during t h e  onse t  of t h e  second sun- 

lit per iod .  

a n a l y s i s  of  bal loon p rope r t i e s ;  t he re fo re ,  t h e  record ings  on magnetic t a p e  

must be considered t o  provide t h e  primary da ta  source f o r  ba l loon  a n a l y s i s .  

Nevertheless ,  it has proven poss ib l e  t o  determine a good d e a l  of information 

from t h e  ana log  record ings  wi th  cons iderable  confidence i n  t h e  r e s u l t s  

summarize below t h e  p re sen t ly  a v a i l a b l e  information.  

Thereaf te r  most radar es tab l i shments  co l -  

The analog da ta  records  a r e  very d i f f i c u l t  t o  use f o r  ex tens ive  

We 

1 .2  Summary of Resu l t s  

1 .2 .1  Mean Radar Cross Sect ion 

The r ada r  c ros s  s e c t i o n  of a p e r f e c t l y  conducting sphere whose r a d i u s  

i s  much l a r g e r  than  t h e  wavelength can be c a l c u l a t e d  by t h e  s imple formula 

0 = XR e For a l l  r a d a r  wavelengths of i n t e r e s t  i n  t h i s  program t h e  r a d i u s  

of t h e  ECHO I1 bal loon s a t i s f i e s  t h i s  c r i t e r i o n .  Thus t h e  expected c r o s s  

s e c t i o n  of ECHO 11 would be about  1320 square  meters o r  31.2 db above a 
square  meter. 

s e c t i o n  of ECHO ET. 

2 

We s h a l l  refer  t o  t h i s  valtie as t h e  nominal r a d a r  c r o s s  

On t h e  b a s i s  of t h e  analog da ta  a v a i l a b l e  t h i s  expected nominal r a d a r  

c r o s s  s e c t i o n  has be-en achieved. 
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O f  t hose  bal loon parameters which can be determined by an examination 

of t h e  analog s t r i p  c h a r t  pen record ings  t h e  mean r a d a r  c ross -sec t ion  i s  

probably t h e  only one which can be obtained wi th  high r e l i a b i l i t y .  

v a r i a t i o n s  i n  mean r a d a r  c ross -sec t ion  may e x i s t  which are  apparent  only 

when t h e  magnetic t a p e  da t a  i s  processed. 

Conductron has prepared two computer programs which provide  NASA t h e  c a p a b i l i t y  

t o  e a s i l y  e x t r a c t  mean radar c ross -sec t ion  h i s t o r i e s  from t h e  d a t a  t a p e s  which 

can then  be examined i n  a sys temat ic  way. Both s h o r t  and long t i m e  h i s t o r y  

v a r i a t i o n s  of t h e  r a d a r  c ross -sec t ion  ca.n be examined by t h e s e  programs and 

t h i s  w i l l  be done f o r  t hose  passes  on which da ta  i s  a v a i l a b l e .  

Systematic  

During t h e  c o n t r a c t  per iod  

1.2.2 S c i n t i l l a t i o n  

The r e t w n ,  a t  C-band, f l u c t u a t e s  with a + 6 db v a r i a t i o n  wi th  a. 
+ 

v a r i a b l e  period. 

dev ia t ion  of t h e  v a r i a t i o n  is  approximately X )  percen t  l e s s  than  a t  C-band. 

Data processing has shown t h a t  a t  L-band t h e  s tandard  

1.2.3 P o l a r i z a t i o n  and Frequency Ef fec t s  

T h e o r e t i c a l  a n a l y s i s  and experimental  r e s u l t s  given i n  Reference 1 

have shown t h a t  no s i g n i f i c a n t  p o l a r i z a t i o n  dependency i s  t o  be expected 

f o r  ECHO 11. 
p o s s i b l e  except ion.  

p o l a r i z a t i o n ,  b u t  n o t  ampli tude dependence. This  i s  an  apparent  con t r ad ic t ion ,  

and has  n o t  been resolved.  

This  has been v e r i f i e d  by t h e  f l i g h t  t e s t  data, wi th  one 

Some of t h e  UHF da t a  i n d i c a t e s  phase dependence on 

Apparent p o l a r i z a t i o n  e f f e c t s  p re sen t  i n  t h e  Wallops I s l a n d  UHF da ta  

have been shown t o  be q u a n t i t a t i v e l y  c o n s i s t e n t  wi th  Faraday r o t a t i o n  

effects.  

Balloon s c i n t i l l a t i o n  was determined from r a d a r  record ings  taken a t  

s e v e r a l  d i f f e r e n t  f requencies  a t  d i f f e r e n t  r a d a r  s i tes  and f o r  separa ted  

time i n t e r v a l s .  

wavelength a t  a given moment of t ime and f o r  t h e  same a s p e c t  ang le s  t o  t h e  

ba l loon  i s  an  i n t e r e s t i n g  ques t ion  which it i s  no t  p o s s i b l e  t o  answer 

d e f i n i t i v e l y  using only analog recordings.  

t h e  ba l loon  a t  d i f f e r e n t  f requencies  from t h e  same ground s i t e ,  it should 

The dependence of t h e  r e t u r n  on frequency or ,  equ iva len t ly ,  

By s imultaneously looking a t  
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be  p o s s i b l e  t o  determine s u r f a c e  deformations which r e s u l t  i n  frequency 

dependent changes i n  t h e  r a d a r  c ross -sec t ion  record ings .  

on frequency w i l l  be analyzed by a comparison o f  da t a  t a p e s  f o r  which 

t h e r e  a r e  simultaneous observa t ions  of  t h e  ba l loon  a t  s e v e r a l  r a d a r  

f r equenc ie s  such as  UHF, S-band and X-band. 

conducting sphere with no i r r e g u l a r i t i e s  o r  deformations t h e  radar r e t u r n  

would n o t  be expected t o  show any dependency on frequency. 

pos tu l a t ed  "wedge e f f e c t "  d i scussed  i n  Sec t ion  1.2.6 would be expected 

t o  show a dependence on frequency which w i l l  be  d i sce rnab le  i n  t h e  

computer processed data. 

The dependence 

If t h e  ba l loon  were a p e r f e c t l y  

However, t h e  

1.2.4 Spin Rate 

The apparent  presence of an approximately one-hundred second per iod  

i n  t h e  analog da ta  s u b s t a n t i a t e d  by t h e  beacon da ta  l eaves  l i t t l e  room 

f o r  doubt t h a t  t h e  bal loon i s  r o t a t i n g  wi th  t h i s  approximate per iod.  

computer program prepared f o r  NASA/GSFC which computes power s p e c t r a  

should permit  i n spec t ion  of a poss ib l e  long term s p i n  r a t e  change. 

A 

1.2.5 Anomalies 

The fo l lowing  was noted from a v i s u a l  i n spec t ion  of analog records :  

a., A pronounced drop i n  average r e t u r n  of  approximately 1 0  db 
was noted on some of t h e  analog pen records .  

appears  i n t e r m i t t e n t l y  with t h e  drops i n  r e t u r n  enduring 

f o r  as much as  s e v e r a l  seconds. 

it appears  with a per iod  which i s  a mul t ip l e  of approximately 

50 seconds. 

This  e f fec t  

When t h i s  e f f e c t  i s  p resen t  

b .  The 50 seconds of r e t u r n  fol lowing t h i s  drop out  appear  t o  

have a s i g n i f i c a n t l y  d i f f e r e n t  f i n e  s t r u c t u r e  from t h e  50 

seconds preceeding. 

c. The r e t u r n  i n  gene ra l  has  a spikey appearance dipping about  

25 db f o r  very b r i e f  per iods.  
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. 

A number of hypotheses may be advanced t o  exp la in  t h e s e  p e c u l i a r i t i e s  

Those which seem more probable  are i n  t h e  process  i n  t h e  r a d a r  signature. 

of i n v e s t i g a t i o n .  

s p h e r i c a l  b u t  has  deformed a r e a s .  

The b e s t  explanat ion i s  t h a t  t h e  ba l loon  i s  i n  g e n e r a l  

Four a l t e r n a t i v e  hypotheses have been examined i n  some d e t a i l  and 

t h r e e  have been t e n t a t i v e l y  r e j e c t e d .  These are:  

a .  The presence of an  ionized cloud about  t h e  ba l loon  due t o  

escaping gas.  

b .  Mult ipath e f f e c t s ,  i .e . ,  c a n c e l l a t i o n  and reinforcement  of t h e  

r e tu rned  s i g n a l  by r e f l e c t e d  s i g n a l s  from t h e  e a r t h .  

c .  The ex i s t ence  of a ho le  in  t h e  s u r f a c e  of t h e  ba l loon .  

I tem c above deserves  s p e c i a l  comment here  i n  t h a t  a "hole i n  t h e  

bal loon" was e x p l i c i t l y  r epor t ed  by RRE, Malvern, England, and a U.S. 

t r a c k i n g  s t a t i o n  s h o r t l y  a f t e r  ECHO I1 was launched. The t h e o r e t i c a l  

r easons  which l e a d  Conductron t o  r e j e c t  t h i s  p o s s i b i l i t y  a r e  d iscussed  i n  

d e t a i l  i n  Sec t ion  I11 of t h i s  r epor t .  

Conductron be l i eves  a f o u r t h  hypothesis,which i s  a more p l a u s i b l e  

explana t ion  of  t h e  drop i n  r a d a r  c ross  s e c t i o n , i s  t h a t  t h e  bal loon r o t a -  

t i o n  causes t h e  po r t ions  of t h e  bal loon conta in ing  t h e  s o l a r  pane ls  and 

t e l eme te r ing  beacons t o  bulge out  i n t o  a wedge shape. 

of such a shape has been computed and could account f o r  t h e  e f f e c t  as 

noted  i n  t h e  Mi l l s tone  H i l l  data* (Figure 1). 

t o  f u r t h e r  t e s t  by comparing da ta  taken a t  o the r  f r equenc ie s  i n  t h e  con- 

t i n u i n g  da ta  r educ t ion  program. 

The c r o s s  s e c t i o n  

This  hypothes is  i s  s u b j e c t  

The computer programs now on hand and i n  t h e  process  of development 

w i l l  make p o s s i b l e  more d e f i n i t i v e  s ta tements  both about  t h e  ex i s t ence  

of  any anomalies and t h e i r  poss ib l e  na tu re .  

f o r  ana lyz ing  t h e  e f f e c t  on radar c ros s  s e c t i o n  r e t u r n s  of more than  one 

sca t te re r  has  been developed and may be used t o  t e s t  t h i s  conjec ture .  

* It should be observed i n  examining Figure l t h a t  t h e  apparent  mean 
r a d a r  c r o s s  s e c t i o n  of 23-24 db i s  s u b j e c t  t o  c a l i b r a t i o n  u n c e r t a i n t i e s  
of perhaps as  much as 6 db. 

For example, a new technique  
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This  technique i s  descr ibed  i n  Reference 4. 

The presence of any pe r iod ic  e f f e c t s  w i l l  be f u l l y  v e r i f i e d  by d i g i t a l  

da t a  processing and t h e i r  s ign i f i cance  w i l l  be determined. Any hypotheses 

about  t h e  phys ica l  shape of t h e  balloon can then be accepted,  modified, o r  

r e j e c t e d  on t h e  b a s i s  of t h e  r e s u l t s .  

The da ta  process ing  program w i l l  provide t h e  c a p a b i l i t y  f o r  l a rge -  

scale, p r e c i s e  a n a l y s i s  of  t h e  s t a t i s t i c s  of t h e  r a d a r  r e t u r n  f o r  f u t u r e  

r a d a r  observed s a t e l l i t e s  

1.2.6 Plasma E f f e c t s  

Since t h e  subl imat ing ma te r i a l  used t o  i n f l a t e  t h e  ECHO bal loon t o  i t s  

proper  shape i s  vented t o  t h e  e x t e r i o r  through a system of small ho le s  i n  

t h e  per iphery  of t h e  bal loon,  t h e  i o n i z a t i o n  of t h i s  m a t e r i a l  by t h e  s o l a r  

r a d i a t i o n  f l u x  could conceivably f o r m  plasma d e n s i t i e s  of s i ; f f i c i e n t  magni- 

t ude  t o  cause radar pe r tu rba t ions  a t  t h e  f requencies  of i n t e r e s t .  Based on 

informat ion  suppl ied  by YASA/GSFC t h i s  p o s s i b i l i t y  has  been s tud ied  and 

r e j e c t e d  as  being improbable f o r  the reasons  given below. 

For a 200-micron i n t e r n a l  bal loon p res su re  NASA/GSFC es t ima tes  t h e  
10 e l e c t r o n  dens i ty  a long  a sphere of one cm around t h e  ho le  would be 10 

electrons/cm 3 , and t h i s  would decrease t o  10  7 electrons/cm3 as  t h e  

r a d i u s  of  t h e  hole  becomes equa l  t o  t h e  bal loon r a d i u s .  

o f  i o n i z a t i o n  around t h e  ba l loon  i s  precluded by t h e  fac t  t h a t  any f r e e  

charge formed near  t h e  s a t e l l i t e  m u s t  c u t  l i n e s  of f o r c e  of t h e  e a r t h ' s  

magnetic f ie ld .  At t h e  high o r b i t a l  v e l o c i t i e s  encountered, t h e  gyra t ion  

r a d i u s  of a f ree  e l e c t r o n  i n  t h e  magnetic f i e l d  i s  small s o  t h a t  i n s t e a d  

of  be ing  c a r r i e d  a long  i n  o r b i t ,  f r e e  charge w i l l  d i f f u s e  a long  t h e  

magnetic f i e l d  l i nes .  Consequently, i o n i z a t i o n  w i l l  be swept away from 

t h e  ba l loon  as  it is  formed by t h e  combined f o r c e s  of t h e  magnetic f i e l d  

and t h e  ambipolar d i f f u s i o n  of t h e  ion ized  gas .  

The bci ld-up 

Since t h e  beacon f requencies  a t  136 MC a re  a t  t h e  lower end of t h e  

frequency range of  i n t e r e s t ,  any plasma e f f e c t s  which occur would poten- 

t i a l l y  have t h e i r  g r e a t e s t  c a p a b i l i t y  f o r  d i s t o r t i o n  on t h e  observed 
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beacon p a t t e r n .  However, due t o  the  r e l a t i v e  l o c a t i o n  of  t h e  ven t  ho le s  

and t h e  beacon antennas,  c a l c u l a t i o n s  i n d i c a t e  t h a t  plasma effects  w i l l  be 

n e g l i g i b l e .  

S imi la r ly ,  f o r  r a d a r  f requencies  of approximately 1300 MC o r  h igher ,  it 

i s  found t h a t  t h e  index of r e f r a c t i o n  of t h e  plasma d i f f e r s  from un i ty  only 

over a reg ion  which i s  small compared t o  t h e  wavelength of t h e  i n c i d e n t  

r a d i a t i o n .  The ion ized  r eg ions  consequently a c t  as  Rayleigh s c a t t e r e r s  

wi th  a small r a d a r  r e t u n .  

1.2.7 !‘Echo Box‘; E f f e c t  

It has been r epor t ed  by RRE a t  Malvern t h a t  t h e  S-band radar da ta  

obtained e x h i b i t s  t h e  fol lowiQg anomaly: Subsequent t o  t h e  r e f l e c t i o n  of 

t h e  main pulse,  which is  of lops durat ion,  t h e r e  i s  observed an exponen- 

t i a l l y  decaying t r a i n  of pu lses .  The explana t ion  t h a t  has  been suppl ied  

wi th  t h e  da t a  for t h i s  phenomenon is t h a t  an oblong ho le  (1.5 meters x 

0.5 meters) in t h e  ba l loon  has  been exc i t ed  by t h e  i n c i d e n t  f i e l d ,  which 

i n  t u r n  has exc i t ed  a mode i n  t h e  balloon, which i n  t u r n  i s  r e f l e c t e d ,  r e -  

e x c i t e s  t h e  hole,  etc. ,  analogous t o  t h e  f a m i l i a r  “Echo box”. 

Gn t h e  hasis of t h e  r epor t ed  data  t h e  explana t ion  t h a t  has  been 

o f fe red  does n o t  appear t o  Conductron t o  be c o r r e c t .  

spacing i s  repor t ed  t o  be of t h e  order  of  lops, Taking i n t o  account  t h e  

pu l se  width, t h e  ba l loon  would then be a c t i n g  a s  a 20ps delay  l i n e .  The 

two way pa th  of  any mode exc i t ed  i n  t h e  bal loon i s  270 f e e t ,  correspond- 

ing  t o  a free space t ime of 0.27ps. 

.F( /20 M 1/80 of f ree  space ve loc i ty .  

of f ree  space v e l o c i t y .  shows t h a t  t h e  p r i n c i p a l  mode has  a v e l o c i t y  of  - 

Therefore  t h e  “Echo box” effect  would have t o  be r e l a t e d  t o  a very high 

o rde r  mode, Le . ,  t o  a very l a r g e  number of i n t e r n a l  r e f l e c t i o n s .  Fur ther -  

more, it WOUM depend upon n o t  only t h i s  high order  mode being exc i t ed ,  

b u t  no  lower order  modes being exc i ted .  

considered impossible .  

The pu l se  t r a i n  

The mode v e l o c i t y  i s  t h e r e f o r e  

Geometric o p t i c a l  approximation 
1 

J2 

This  is  s o  un l ike ly  it can be 
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Somewhat s i m i l a r  t r a i l i n g  e f f e c t s  have been r epor t ed  by o the r  observers  

bu t  t h e s e  have been a t t r i b u t e d  by the  observers  t o  mult i -path phenomena 

a s soc ia t ed  wi th  low e l eva t ion  angles  o r  no explana t ion  has been p ro f fe red .  
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11. COMMUNICATIONS 

2.1 Q u a n t i t a t i v e  Resu l t s  

Quan t i t a t ive  ques t ions  have been examined i n  connect ion wi th  t h e  

e f fec t  of v a r i a t i o n s  i n  t h e  ECHO II r a d a r  c r o s s  s e c t i o n s  on t h e  f u n c t i o n a l  

use of  t h e  bal loon as a pass ive  communications s a t e l l i t e .  
depend upon present understanding of t h e  s t a t i s t i c a l  p r o p e r t i e s  of  t h e  

r a d a r  c r o s s  sec t ion ,  and are t o  be regarded a s  t e n t a t i v e ,  t o  be confirmed, 

o r  modified as  t h e  da t a  processing cont inues .  

The f i n d i n g s  

On t h e  b a s i s  of computations performed below, us ing  t y p i c a l  system 

parameters,  it i s  concluded t h a t :  

a .  Fading ra tes  ( i n  c a r r i e r  power) are unacceptable  f o r  h igh  q u a l i t y  

communication a t  UHF, marginally accep tab le  a t  2000 MC and accept-  

a b l e  at 5000 MC. 

is  s u i t a b l e  f o r  frequency modulated t ransmiss ion  a t  carr ier  

f requencies  greater than  2000 MC. 

I n  p r a c t i c a l  terms t h i s  means t h a t  t h e  ECHO I1 

b. Radar c r o s s  s e c t i o n  s c i n t i l l a t i o n  of  t h e  ECHO I1 i n t roduces  n o i s e  

i n t o  t h e  information channel f o r  ampli tude modulated s i g n a l s .  

FOF amplitude modulated voice  t r ansmiss ion  t h i s  n o i s e  can be 

expected t o  s i g n i f i c a n t l y  degrade q u a l i t y ,  whereas f o r  t e l e g r a p h i c  

o r  slow da ta  r a t e  communication, t h e  n o i s e  can be expected t o  be 

n e g l i g i b l e ,  

c. Although t h e  r a d a r  da t a  is monostat ic  ( r e c e i v e r  and t r a n s m i t t e r  

a t  same l o c a t i o n )  it can be used t o  p r e d i c t  b i s t a t i c  communica- 

t i o n  performance ( r ece ive r  and t r a n s m i t t e r  s epa ra t ed ) .  

For a h igh  q u a l i t y  speech t ransmission,  wi th  a 20 KC bandwidth, t h e  

fo l lowing  system parameters have been pos tu l a t ed :  

Noise temperature  - 1000° K 

Signal/Noise Figure - 5 db 

Antenna diameter  ( r e c e i v e r  and t r a n s m i t t e r )  - 60 f t  

Transmi t t ing  power - 1 KW 

Modulation - F.M. 
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If a i s  t h e  minimum balloon c r o s s  s e c t i o n  r equ i r ed  t o  o b t a i n  t h e  
m 

25 db s igna l /no i se  f i g u r e ,  

where h i s  t h e  wavelength of t he  carr ier .  For a 40 f o o t  antenca t h i s  
number would be mul t ip l i ed  by 9/4. This  g ives  t h e  t a b l e :  

cr (T 

(40 f t  antenna)  min 
a 

- - (60 f t  an tenna)  min C a r r i e r  Frequency 
d 
0 0 

300 MC 

2000 EIC 

3000 vc 

- 1 . 2  db 

- 17.7 db 

- 23.6 db 

+ 2.3 db 

- 14.2  db 

- 22.1 db 

"min 2, Minimal - t o  achieve  23 d b  sigrLd/!ic?ise r a t i o  <co = 1320 

t ransmiss ion .  

st 1 Yrrl 
(T 
0 

From t h i s  t a b l e ,  t h e  fading ra te  (percentage of t i m e  t h e  ba l loon  cross 

s e c t i o n  is  less than  a 
i n  2.2 below): 

) can be computed, a.ssuming t h a t  A = 6. (A i s  def ined  min 

Carrier Frequency Fading rate (60 f t  a n t e n n a l  , Fading r a t e  (40 ft antenna)  

300 MC 

5000 MC 

2000 MC 

76 pe rcen t  

3 pe rcen t  

.03 percen t  

90 percen t  

8 pe rcen t  

.5 percen t  

The va lue  A = 6 used i n  these  computations i s  conserva t ive .  From d a t a  

observed, A, i n  gene ra l  w i l l  be smal le r ,  g iv ing  lower fad ing  ra tes .  

2.2 Radar Cross Sec t ion  S ta t i s t i c s  

The da ta  obtained f o r  a 
s e c t i o n ,  a ( t ) ,  as a func t ion  

as  : 
0 
0 

run of l eng th  T provides  a record  of t h e  c r o s s  

of t ime.  The mean c r o s s  s e c t i o n  (T i s  def ined  
0' 

= T  l T o ( t )  d t  

0 

L e t  f = cr(t)/ao. Regarding f as a random v a r i a b l e ,  t h e  mean va lue  of  f ,  

<f> , i s  c l e a r l y  un i ty ,  and the  va r i ance  of  f ,  V f 

If t h e  c ros s  s e c t i o n  i s  recorded on a db s c a l e ,  t h e  recorded q u a n t i t y  i s  

= G2> - 1. 

10  l o g  f .  
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It is  assumed t h a t  t h e  random va r i ab le ,  10 log  f ,  i s  normally d i s -  
2 t r i b u t e d  wi th  mean rn a n d , v a r i a n c e  A 

wi th  t h e  observed da ta .  

This  assumption is  c o n s i s t e n t  

It is then  a s imple matter t o  ob ta in  t h e  fol lowing r e l a t i o n s h i p s :  

2 
I v -  a 1 1 3  A . Bn 10  A2 m = -10 l o g  = - - 20 

These r e l a t i o n s h i p s  enable  one t o  f i n d  any two o f  t h e  q u a n t i t i e s ,  

rn, A, Vf,  from t h e  t h i r d .  

On t h e  b a s i s  of d a t a  received,  both i n  t h e  f l i g h t  t e s t  and i n  t h e  

s t a t i c  i n f l a t i o n  t e s t s ,  t y p i c a l  values  of A a r e  3 a t  t h e  lower f r equenc ie s  

and 6 a t  t h e  h igher  f requencies ,  giving corresponding va lues  f o r  rn of  

-1 db and -3 db. 

The cumulative p r o b a b i l i t y  d i s t r i b u t i o n  f o r  f is  

~ (10 log x - rn] x > o  
A 

x < o  , - 0 

where 

t2 - -  U 

d t ,  1 Q (u)  = - 
2.3 Fading Rate 

For a p a r t i c u l a r  r e c e i v e r  s e n s i t i v i t y  t h e  minimal accep tab le  rece ived  

If t h e  power and ga in  of t h e  t r a n s m i t t i n g  system, t h e  power i s  s p e c i f i e d .  

e f f e c t i v e  a p e r t u r e  of t h e  receiver antenna, and t h e  t r a j e c t o r y  of t h e  

ECHO I1 a re  given, then  by us ing  the  r a d a r  equat ion,  

L r 

16 n: R, R- 
P =  r 2 2 2  0 ,  

t h i s  rece ived  power requirement can be t r a n s l a t e d  i n t o  a minimal accep tab le  

0 of course,  var ies ,  depending on t h e  v a r i a b l e s  Rt and Rr9 va lue  of  0, (T 

t h e  r e s p e c t i v e  d i s t ances  from t h e  bal loon of t h e  t r a n s m i t t e r  and r e c e i v e r .  

For a p a r t i c u l a r  va lue  of om, t h e  fading r a t e  i s  t h e  p r o b a b i l i t y  t h a t  (T < am, 

o r  equ iva len t ly ,  t h a t  f < am / o0, which from s e c t i o n  2.1, i s  

rn’ rn’ 
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2 U 
10 log  + ,115 A 

A 
OO 

The f ad ing  r a t e  can be i n t e r p r e t e d  as t h e  percentage of t ime t h a t  t h e  

r ece ived  power is  less  than  t h e  minimal accep tab le  value.  

I f ,  f o r  example, it i s  des i r ed  t o  have a f ad ing  r a t e  < .01, it i s  

% 2 necessary t h a t  
i o  l og  - -t- .115 A 

< .01, or  
CT 
0 

A 

2 U 

- 10 l og  4 > ol13 A i- 2.4 A 
4 
0 

If A = 5 ,  CT must be 15 db below G . When t h i s  va lue  i s  i n s e r t e d  m 0 
i n t o  t h e  r a d a r  equat ion t h e  minimal va lue  of P 

am need be only 6 db below u . 
a 9 db reduct ion  i n  t h e  necessary t r a n s m i t t e r  power, f o r  a fad ing  r a t e  < .01. 

can be determined. If A = 3, t 
Therefore ,  going from A = 5 t o  A = 3 causes  

0 

2.4 S i g n a l  Modulation by t h e  Balloon 

Because t h e  r a d a r  da t a  determines t h e  amplitude,  bu t  n o t  t h e  phase, of 

a r e f l e c t e d  s i g n a l ,  d i scuss ion  o f  bal loon modulation has  been l i m i t e d  t o  

ampli tude modulated s i g n a l s ,  

The wave form of an amplitude modulated s i g n a l  can be r ep resen ted  as 

1 + s ( t >  

where s ( t )  i s  t h e  modulation waveform which is  t h e  information cz r ry ing  

s i g n a l .  I f  t h e r e  is no f u r t h e r  modulation by t h e  t ransmiss ion  path,  t h e  

waveform a r r i v i n g  a t  t h e  r e c e i v e r  i s  unchanged and t h e  de tec ted  waveform 

w i l l  be  

s ( t )  + n ( t ) ,  

where n ( t )  i s  t h e  n o i s e  of t h e  r ece ive r  system. 

t h e  t ransmiss ion  pa th  modulates t h e  s i g n a l .  

This  p i c t u r e  changes when 

I n  p a r t i c u l a r ,  a f t e r  r e f l e c t i o n  by t h e  bal loon,  t h e  waveform a r r i v i n g  

a t  t h e  r e c e i v e r  is  
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The modulation waveform is t h e r e f o r e  

s ( t )  Jf + (Jf - 1) = s ( t )  + (1 + s ( t > )  (42 - 1) 

The de tec t ed  s i g n a l  i s  then  

s ( t )  + (1 + s ( t>>  (Jf - 1) + n ( t > .  

The term N ( t )  = (1 + s ( t ) )  (Jf - 1) i s  rroise which has  been added t o  t h e  

information ca r ry ing  s i g n a l  s ( t > .  

s is  a random v a r i a b l e .  

can be determined on t h e  b a s i s  of the  fo l lowing  fzict: 

If t h e  s i g n a l  ensemble i s  s p e c i f i e d ,  

Then X ( t )  i s  a random v a r i a b l e  whose d i s t r i b u t i m  

If F, S are independent razdom v a r k b l e s  wkth p r o 3 a b f l i t y  def is i t fes ,  

r e s p e c t i v e l y  D (x), then  t h e  p r o b a b i l i t y  dens i ty  f o r  t h e  random 

v a r i a b l e  F G i s  
(x), D F G 

Thus, s i n c e  i n  2.1 we have determined t h e  d i s t r i b u t e d  func t ion  f o r  f .ad 

hence f o r  Irf - 1, it i s  p o s s i b l e  t o  f i n d  t h e  d i s t r i b u t i o n  func t ion  f o r  N. 
The average n o i s e  power i s  then  t h e  expected va lue  

(v$ = ((1 + S I 2  [Jf - 1)*) , 
and t h e  s i g n a l  t o  n o i s e  r a t i o  

is t h e  h ighes t  p o s s i b l e  s i g n a l  t o  noise  r a t i o ,  even i f  t h e  system n o i s e  i s  
zero .  

We have computed t h i s  r a t i o  f o r  two d i f f e r e n t  s i g n a l  ensembles: 

a .  s is  uniformly d i s t r i b u t e d  over t h e  range  - P < x < P, where 

0 < P < 1, P rep resen t ing  t h e  modulation percentage.  
- -  

In  t h i s  case - -  
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4 2 - = - - + x l O  ( s 2 )  1 

(N2) 16 A' 1 + p 

1 For A = 5 ,  t h i s  r a t i o  i s  approximately 12  f o r  P = 1 and 6 f o r  P = 7 
For A = 3, t h e  va lue  of t h e  r a t i o  i s  approximately 33 f o r  P = 1 and 

16 f o r  P = F. 1 

b. S = 0 and -1 wi th  equal  p r o b a b i l i t y  (keyed CW t r ansmiss ion ) .  

t h i s  case, 
In  

Here even f o r  A = 10, t h e  r a t i o  i s  150. 

2.5 Bistat ic  Effects 

It should be observed t h a t  t h e  va lues  of CI obtained dur ing  t h e  ECHO I1 

f l i g h t  t es t s  are monostat ic ;  corresponding t o  r e c e i v e r  and t r a n s m i t t e r  being 

a t  t h e  same loca t ion .  On t h e  o t h e r  hand, f o r  communications purposes, t h e  

r e c e i v e r  and t r a n s m i t t e r  are separa ted ;  t h e  a p p r o p r i a t e  CJ i s  t h e  b i s t a t i c  

c ross -sec t ion .  

5 30°, and f o r  f requencies  > 170 MC, t h e  b i s t a t i c  c ros s - sec t ion  can be 

obtained from t h e  monostat ic  cross-sect ion.  

t h e  r a d a r  c ross -sec t ions  obtained by b i s t a t i c  measurements were found to  

c o r r e l a t e  wi th  t h e  monostat ic  radar cross -sec t ion  computed on t h e  b a s i s  of 

photogrammetric measurements, t hus  ve r i fy ing  t h e  e a r l i e r  a n a l y s i s .  For 

lower f r equenc ie s  and l a r g e r  b i s t a t i c  angles  it is  es t imated  t h a t  t h e  r a d a r  

c ros s - sec t ion  s ta t i s t ics ,  obtained by monostat ic  r a d a r  measurements are 

a p p l i c a b l e  t o  b i s t a t i c  ang le s  of  a t  least  goo, and f o r  f requencies  g r e a t e r  

t han  100 MC. 

I n  ea r l i e r  work it was determined t h a t  f o r  b i s t a t i c  angles  

I n  t h e  S t a t i c  I n f l a t i o n  Tests, 
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111. BALLOON GEOMETRY 

3.1 Anomalies i n  t h e  Data 

The p o s s i b l e  e f f e c t  of ECHO I1 b a l l m n  deformations from a nominal 

s p h e r i c a l  shape an t h e  r a d a r  r e tu rns  rece ived  from t h e  ba l loon  was i n v e s t i -  

ga t ed ,  This  a n a l y s i s  and any r e s u l t i n g  computer programs should be s u i t a b l e  

f o r  process ing  n o t  only ECHO I1 data r ece ived  from d i f f e r e n t  r a d a r  s i t e s  b u t  

a l s o  da t a  from o t h e r  similar s a t e l l i t e s  which NASA/GSFC wishes t o  ana lyze .  

A s  d i scussed  b r i e f l y  i n  Section 1.2.5 t h e r e  a r e  p r e s e n t  i n  some of  t h e  

da t a  c e r t a i n  unexpected f e a t u r e s .  

f n  t h e  r a d a r r e t u r n  which endures f o r  s e v e r a l  seconds,  The p o s s i b l e  depend- 

ence of  t h i s  f e a t u r e  on v a r i a t i o n s  i n  t h e  wavelength, and t h e  e x t e n t  of i t s  
cons is tency  throughout t h e  data ,  a s  w e l l  as t h e  ques t ions  of  whether i t s  

t r u e  per iod may. be 50 seconds r a t h e r  t han  100 seconds i s  s u b j e c t  t o  v e r i -  

f i c a t i o n  by means of t h e  da ta  processing programs which, a t  t h e  t i m e  of 

w r i t i n g ,  are  e s s e n t i a l l y  complete. Upon examination of s imultaneous 

beacon and radar data obtained by R E ,  t h i s  effect appears  t o  be w e l l  

c o r r e l a t e d  wi th  the pe r iod ic  na ture  of the beacon da ta .  

da t a  is  shown i n  F igure  2 and suggests  an  i n t e r e s t i n g  hypothes is  which 

w i l l  be t h e  s u b j e c t  of d i scuss ion  in  Sec t ion  3.1.1 of t h i s  r e p o r t .  

The most important  of t h e s e  i s  a p e r i o d i c  drop 

Th i s  s imultaneous 

I n  any case  the b e s t  explanat ion of t h i s  "drop out" e f fec t  seems t o  

be t o  a t t r i b u t e  it t o  t h e  e f f e c t  of one o r  more deformed a r e a s  on t h e  sur- 

face of t h e  ba l loon  which a f f ec t  the r a d a r  return once each r o t a t i o n .  The 

appa ren t  q u a l i t a t i v e  d i f f e r e n c e  between t h e  50 seconds preceding t h e  drop 

ou t  and t h e  30 secoqds fo l lowing  it could e a s i l y  a r i s e  from a d i f f e r e n c e  

i n  e x t e n t  o r  k ind  of deformation of t h e  two s i d e s  of t h e  ba l loon  

A s  t o  t h e  s h a r p  r ap id  o s c i l l a t i o n s  of t h e  r e tu rn ,  it has been t e n t a -  

t i v e l y  suggested that  t h i s  e f f e c t  might a r i se  from i n t e r f e r e n c e  between 

m u l t i p l e  scattering c e n t e r s  on t h e  bal loon.  The techniques  which can be 

used t o  examine t h i s  p o s s i b i l i t y  have been descr ibed  i n  p r e c i s e  mathema- 

t i c a l  d e t a i l  i n  Reference 4, b u t  a b r i e f  resume is  given i n  Sec t ion  3.2.3 
of t h i s  r e p o r t .  
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FIGURE 2 

SIMULTANEOUS RADAR AND BEACON DATA, 28 January 1964, RRE 
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j. 1 .1 Corinectioris Between Anomalies aiid Deformation of t h e  RallooIi 

The most p laus ib le  explarlatiorl of t h e  "drop out" effec-t  i s  tllat t I I P  

1)a lloori r o t a t i o n  causes t h e  port i o n s  of t he  balloorl coritairii ~ i g  t h e  s o l a r  

pariels arid telemetry beacoris t o  billge orit i n t o  a wedge shape. The c'ross 

s w t i o r i  of such a shape has been computed and coldd accorlrit for t h e  cff't>l.t 

a s  rloted i n  some o f  tlie da ta .  

111 what follows severa l  possi ble mecharii sms a r e  examined t'or i troi r 

- 1 9 -  
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I n  F igure  3, t h e  do t t ed  l i n e  i n d i c a t e s  t h e  sphere  contour,  C i n d i -  

c a t e s  t h e  c e n t e r  of t h e  balloon, and W r e p r e s e n t s  t h e  seam j o i n i n g  t h e  

two re in fo rced  gores  on which a r e  rnomted t h e  equipment. The r e s u l t i n g  

c r o s s  sec t ion ,  f o r  a s p e c t  ang le s  wi th in  t h e  angu la r  domain i n d i c a t e d  by 

a would be t h a t  of a c y l i r d r i c a l  wedge, and c o m i d e r a b l y  lower than  t h a t  

of t h e  non ina l  ba l loon  c r o s s  s e c t i o n ,  

of t h e  wedge is approximately 

The backsca t t e r ing  c r o s s  s e c t i o n  

where h is  the wavelength and 8 i s  t h e  wedge ang le ,  

WC = Rd COB 

as compared to the  actxal drip out'interval of 18', For t h i s  value of cx9 
WC = 67.8 ft., rqlziring t h e  radius to have been ':pulled outp* m.ly .3 feet .  

Conversely, f o r  a = 1809 t h e  wedge cross s e c t i o n  w i l l  be approximately 

Also, t h e  distance 
For a 10 db drop out  a t  the Millstone frequency, a = 1@,6', 

58 m2, g iv ing  a drop out  of 13 db. 

r e q u i r i n g  t h e  r a d i u s  t o  have been "pulled out" .7 feet .  

t h e s i s  i s  c o n s i s t e n t  wi th  t h e  Mi l l s tone  d a t a  observed. 

s u b j e c t  t o  f u r t h e r  t e s t  by comparing t h e  r e s u l t  wi th  da t a  a t  o t h e r  fre- 

quencies  i n  t h e  da t a  reduct ion  program, 

For t h i s  va lue  of  a, WC = 68.2 f t . ,  

Thus t h i s  hypo- 

The hypothes is  i s  

b - Wrinkles 

inklee are parallel to the.gore seams, 
con region could be accounted for by a 

change Zn curva tu re  of t h e  surface i n  t h i s  reg ion .  

a r e  assumed t o  be para l le l  t o  t h e  gore seams, t h e  r a d i u s  of cu rva tu re  i n  

t h e  d i r e c t i o n  of  t h e  gore seams can be assumed t o  be t h a t  of t h e  bal loon,  

namely 67.5 feet .  

i n  o r d e r  t o  ob ta in  a s i g n a l  drop of 10 db, t h e  o t h e r  r a d i u s  of cu rva tu re  

would have t o  be about  6.75 fee t .  

a mean va lue  s i n c e  t h e  r e t u r n  s i g n a l  v a r i e s  approximately f 6 db. 

f o r e ,  t h e  equ iva len t  r ad ius  of curva ture  i n  t h e  depressed reg ion  could vary 

between 1.8 f ee t  and 27 f e e t  and be made up of many wr inkles  t h a t  can 

p r e s e n t  a s i g n a t u r e  with an equiva len t  r a d i u s  range. 

i n  s i g n a l  s t r e n g t h  occurs  f o r  s e v e r a l  seconds, more than  one gore  would 

Since t h e  wr inkles  

Assuming t h i s  r ad ius  of cu rva tu re  i n  one d i r e c t i o n ,  

Actua l ly  t h i s  6.73 f e e t  r a d i u s  would be 

There- - 

Also, s i w e  t h e  drop 



probably be presented i n  t h i s  per iod (assuming a per iod  of  100 seconds),  

thereby i n d i c a t i n g  more than  one wrinkle.  

remain around 10  db over t h e  complete pass  which might i n d i c a t e  t h a t  t h e  

effects  a re  n o t  cons t an t  over a l l  a spec t s .  This  could add suppor t  t o  t h e  

wr inkle  theory  since t h e  wr inkles  woald n o t  be a s  p reva len t  away from t h e  

equator  of t h e  bal loon a s  a t  t h e  equator  if t h e  wr inkles  a r e  o r i en ted  pa ra l -  

l e l  t o  t h e  gore seams. 

The drop i n  s i g n a l  does n o t  

c. Folds  

A f o l d  is def ined  as an  overlapping reg ion  on t h e  ba l loon  having a 
curve 

f a l d  

frequency seneitive. 
wrinkles. 

at Bach crease and f lat  portions between t h e  cre 
FreqrxetYey sensitive whereas a wrinkle t e n d s  t 

The analysis of folds is similar t o  t h a t  of t h e  

A single fold would e x h i b i t  p o l a r i z a t i o n  s e n s i t i v i t y .  

d. F l a t  Spots  

F l a t  spots could occur i n  t h e  r e in fo rced  gore reg ion  s i n c e  t h e  addi-  

t i o n  of t h e  beacon and a s s o c i a t e d  s o l a r  c e l l s  might t end  t o  s t r eng then  

t h i s  reg ion  and reduce t h e  p o s s i b i l i t y  of t h e  bal loon forming a curved 

surface. However, it seems more reasonable  that  t h i s  reg ion  does n o t  

ndricaL shape i n  which th@ r a d i u s  of 
bout the same as t h  

a *  This  might be s u b s t a n t i a t e d  i n  t h a t  

t h e  r a d a r  signature o f t h e  bal loon as  observed from Mil l s tone  d id  n o t  

appear  t o  be very a s p e c t  s e n s i t i v e  and a s s m e d  c y l i n d r i c a l  s c a t t e r i n g  from 

t h e  bal loon near  t h e  equator  reg ion  would a l s o  n o t  be s e n s i t i v e  as one 

moved from t h e  upper hemisphere t o  t h e  lower hemisphere. 

e. Holes 

The r a d a r  c r o s s  s e c t i o n  of t h e  ho le  i n  a sphere when t h e  wavelength i s  

small with r e s p e c t  t o  a l l  diameters can be computed by eva lua t ing  t h e  ho le  

r i m  c o n t r i b u t i o n s  by a modif icat ion of  t h e  Sommerfeld semi - in f in i t e  p lane  

s o l u t i o n  and then  eva lua t ing  t h e  geometric o p t i c s  con t r ibu t ion  of t h e  i n n e r  

-a- 
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s u r f a c e  of t h e  sphere.  

terms a re  of t h e  same order  of magnitude and by proper  arrangement of phase 

can combine t o  g ive  a deep n u l l .  

q u i t e  a pe r fec t  sphere,  t h e  above remarks can s e r v e  as a rough model. 
ever,  it r e q u i r e s  a very f o r t u i t o u s  arrangement of geometr ic  parameters  

and f requencies  t o  provide a backsca t te r ing  n u l l ,  throughout  t h e  ba l loon  

h i s t o r y ,  s i n c e  'd ropouts  of valryfng wid. ths  have been observed from a l l  
r a d a r  sites.. O n  this b a s i s  a lone,  t h e  ho le  theory  appears  unacceptable .  

Even more conclusive i s  t h e  angular  spread of t h e  drop out .  

s e c t i o n  of a hole has  a lobe  s t r u c t u r e  of an equ iva len t  r a d i a t i n g  ape r tu re ,  

For a l a r g e  hole,  a t  backsca t t e r ing ,  t h e s e  two 

For t h e  ECHO I1 bal loon,  which i s  n o t  

How- 

The c r o s s  

beam width N A/d, where A is t h e  wavelength and 

frequencies it would require 
small diameter t o  
i n t e r v a l s  up ta 6 seconds), and i n  t h i s  case t h e  h o l e  would make an extremely 

small con t r ibu t ion  t o  t h e  c ros s  sec t ion .  

appea r s  t o  be r u l e d  out. 

gular width of t h s  drop ou t  (time 

On t h i s  b a s i s ,  t h e  ho le  theory  

1 .2  S t a t i s t i c a l  Methods of Examination of Balloon Geometrv 

A s  has  been i n d i c a t e d  i n  preceding s e c t i o n s  of t h i s  r e p o r t ,  t h e  ECHO I1 
r a d a r  da t a  available t h u s  far has  been i n  t h e  form of ana log  record ings .  

s f o r  quick a n a l y s i s  of t h e  results, t h e  

ture t h a t  restricts one .to q u a l i t a t i v e  
I .  

The fir& requirement  t o  begin t h e  da t a  r educ t ion  and a n a l y s i s  was 
p repa ra t ion  of a re fo rma t t ing  program which would e x t r a c t  from t h e  da t a  

t a p e s  t h e  rece ived  power c a l i b r a t i o n ,  range, and making t h e  necessary con- 

ve r s ion  t o  r a d a r  c r o s s  s e c t i o n  information, pu t  t h e  output  i n t o  a uniform 

format .  

taneously,  t h e  first of s e v e r a l  s t a t i s t i c a l  programs (d iscussed  i n  Sect ion 

3.2.2) was formulated and is now i n  t h e  f i n a l  s t a g e s  of  program checkout.  

Fu r the r  computer programs a r e  i n  the  formulat ion process  and a re  descr ibed  

below. 

This  program is  complete and i s  documented i n  Reference 5 .  Simul- 
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3.2.1 P r e c i s e  Determination of Anomalies 

With t h e  h e l p  of t h e  computer program whose formula t ion  i s  b r i e f l y  

descr ibed  i n  Sec t ion  3.2.2 it w i l l  be p o s s i b l e  t o  determine much more 

p r e c i s e l y  t h e  c h a r a c t e r i s t i c s  of t h e  anomalies i n  t h e  r a d a r  r e t u r n  which 

have been d iscussed  above. 

drop-outs w i l l  be s u b j e c t  t o  a n a l y s i s  t o  determine whether o r  n o t  they  vary 

as func t ions  e i t h e r  of time s i n c e  launch or of wavelength. Since some of t h e  

pos tu l a t ed  explana t ions  o f  t h e  connection between anomalies i n  a r a d a r  r e t u r n  

and ba l loon  geometry would be frequency s e n s i t i v e  and o t h e r s  would n o t  be 

t h i s  process  should make p o s s i b l e  more f i r m  conclus ions  as t o  p o s s i b l e  

I n  p a r t i c u l a r ,  t h e  e x t e n t  and i n t e n s i t y  of t h e  

on of  frequency s e n s i t i v i t y  has been 
minat ion of p o s s i b l e  dependency of cons idered  which w 

t h e  r e t u r n  upon 

program t o  ana lyze  r a d a r  da ta  as s p e c i f i e d  by t h e  fo l lowing  quo ta t ion  from 

This  w i l l  involve  prepar ing  a computer 

"Let us cons ider  a p e r f e c t l y  conducting body o f  a r b i t r a r y  convex 

shape on which a plane wave is  inc ident .  It w i l l  be assumed t h a t  t h e  

d of t h e  body regarded as a s c a t t e r e r .  

onducting, t h e  r e f l e c t i o n  c o e f f i c i e n t  

e asymptotic expansion of t h e  crQm- 
en by geometr ica l  op t i c s .  

r t o  Poynting's vec to r ,  t h e  geometr ica l  

I f  the body 

o p t i c s  c ross -sec t ion  i s  wavelength independent and i s  simply 

IJ = f i  R1R2, 

where R1 and R 

For  backsca t t e r ing ,  t h e  c e n t e r  of t he  specu la r  reg ion  is  t h a t  p o i n t  on t h e  

body which i s  n e a r e s t  t o  t h e  r ece ive r .  

a re  t h e  p r i n c i p a l  rad i i  of cu rva tu re  of t h e  specu la r  reg ion .  2 

In  t h e  p a r t i c u l a r  case  i n  which 
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R = R2 = a ,  Equation (1) reduces t o  

2 o = r t a ,  
which w i l l  be recognized a s  t h e  c ros s  s e c t i o n  of a p e r f e c t l y  conducting 

sphere  of r a d i u s  a .  

1 

f r  (2) 

"If t h e  body i s  n o t  smooth and convex, bu t  is  s t i l l  p e r f e c t l y  conducting, 

o the r  po r t ions  may con t r ibu te  towards t h e  s c a t t e r i n g  c r o s s  s e c t i o n ,  and 

whi le  small s c a l e  i r regular i t ies  w i l l  n o t  be considered,  any l a r g e  s c a l e  

p e r t u r b a t i o n  must be taken i n t o  account .  

corner  r e f l e c t o r  o r  l a r g e  f l a t  area,  t h e  c r o s s  s e c t i o n  of  which is  
F a l l i n g  i n t o  t h i s  category i s  a 

A - 
)h2> 

where A is' propor t iona l  to t h e  square of t h e  area. For p o s i t i o n s  of t h e  
.I. . A. 

where A is' propor t iona l  to t h e  square of t h e  area. For p o s i t i o n s  of t h e  
r e c e i v e r  i n  the direction of peak r e t u r n ,  A is  e s s e n t i a l l y  wavelength 

ind  e pendent . 
'% second type of s t r u c t u r e  is  a cone l ike  p ro jec t ion  of  small included 

a n g l e  and t h e  c r o s s  s e c t i o n  of t h i s  i s  

(4) u = ChZ 
where C i s  independent of t h e  wavelength. If both types  of scatterers a re  . .  

1 cross s e c t i o n  can be w r i t t e n  i n  t h e  form 

A 2 
.2 (53 = - + B + c A  
h 

wi th  A, ET, C > 0 .  

c r o s s  s e c t i o n  of t h e  unperturbed body. l r  

In t h i s  expression, B r e p r e s e n t s  t h e  geometr ica l  o p t i c s  

A t  t h e  p re sen t  time simultaneous r a d a r  da t a  a t  s e v e r a l  f r equenc ie s  i s  

a v a i l a b l e  only from Wallops I s land  bu t  it w i l l  probably be s u f f i c i e n t  t o  

determine va lues  f o r  t h e  c o e f f i c i e n t s  A, B, and C from which one can determine 

whether A and C a r e  s t a t i s t i c a l l y  s i g n i f i c a n t  q u a n t i t i e s .  The c o e f f i c i e n t  B 
corresponds t o  t h e  geometric op t i c s  c r o s s  s e c t i o n  of a sphere and should un- 

ques t ionably  be t h e  dominant term. 
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3.2.2 Auto-Correlation and Power Spectrum Program 

A s t a t i s t i c a l  a n a l y s i s  program wi th  t h e  fol lowing c a p a b i l i t i e s  is  

a v a i l a b l e :  

1. Radar c r o s s  s e c t i o n  values  - i n  square meters - between T min and 

T max a r e  considered.  

This  time i n t e r v a l  i s  broken up i n t o  a series of sub - in t e rva l s ,  

a l t e r n a t i n g  a to-be-considered sub- in t e rva l  and a to-be-ignored 

sub- in t e rva l .  The number of p o i n t s  per  sub- in te rva l ,  f o r  each 

t y p e  of sub- in te rva l ,  is an  i n p u t  parameter;  i n  some c a s e s  t h e  

nt-s per to-be-ignored sub- in t e rva l  are zero.  

The  an “088 sec t ion  value For each to-be-considered sub- in t e rva l  

is computed. Let Xi be t h e  value of t h e  ith such sub- in t e rva l .  

There is a sense switch opt ion  t o  compute and d i sp lay  his tograms 

of t h e  Xi. 

The mean and s tandard  dev ia t ion  of t h e  se t  of X. a re  computed by 

t h e  following formulae: 

2. 

3 .  

4. 

3 .  I 

- x =  
n C Xi’n 
i=l 

n 
2 .( 1 x i  

i =1 
where n i s  t h e  number o f  sub - in t e rva l s  to-be-considered.  

6 .  It i s  p o s s i b l e  t o  compute a s e t  of au to -co r re l a t ions ,  pi, i = 1,. . ,m, 

by e i t h e r  equat ion (6) or  equat ion (y) :  
n- i  >7 --I (Xj - R )  (xj+i - R )  

- =1 - 
2 P i  - 

(n- i )  0 
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7. It is  obvious t h a t  equation (6) is  much more convenient computa- 

t i o n a l l y  then (7); and, f o r  most cases ,  (6) i s  a s a t i s f a c t o r y  ap- 

proximation t o  ( q ) .  There i s  a prov i s ion  t o  d i s p l a y  t h e  p i' 

'compute power spectra, Ph, h-1, . b :,my by 
i t h &  set of pi. 

2 A T  h k r c  Ph = - 
J( 

>, 'k 'k 'Os - m '  
k=O 

where : 

= 1, 
0 

= l f o r O < k < m ,  'k 
for k = 0 ,  m, 

t he  interval, in seconds between 
of success ive  to-be-considered i n t e r v a l s .  

9 .  The program is  a b l e  t o  d isp lay  t h e s e  power spec t r a .  

3.2.3 S t a t i s t i c s  of Mul t ip le  Sca t t e r ing  

A prel iminary a n a l y s i s  has been performed which i n d i c a t e s  t h a t  t h e  

r a d a r  c ros s  s e c t i o n  r e t u r n  i n  db w i l l  be normally d i s t r i b u t e d  about t h e  

mean r a d a r  c ros s  s e c t i o n  i n  db. 

w i l l  be b r i e f l y  reviewed here .  

T h i s  work has been repor ted  i n  Reference 4 bu t  

One of t h e  computer programs being prepared 
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. .  

w i l l  t e s t  t h e  hypothes is  t h a t  t he  d i g i t a l  r a d a r  data i s  l o g  normally d i s -  

t r i b u t e d .  Two con jec tu res  have been advanced which can exp la in  t h i s  d i s -  

t r i b u t i o n  of t h e  r ada r  r e t u r n .  The f i rs t  of t h e s e  i s  based on t h e  f a c t  t h a t  

t h e  bal loon i s  n o t  t r u l y  

p r i n c i p a l  r a d i i  of curva ture  vary about  t h e  expected r a d i i  o f  cu rva tu re  a s  a 

func t ion  of a s p e c t  angle .  If t h i s  i s  so,  t h e  r ada r  c r o s s  s e c t i o n  would vary 

wi th  a spec t  angle  and f o r  a given a s p e c t  ang le  would have t h e  form 

s p h e r i c a l  b u t  i n s t e a d  has  a shape f o r  which t h e  two 

u = i~ R1R2. 

If we now assume t h a t  t h e  d i f f e r e n c e  between log  R1 and i t s  average va lue  and 

t h e  d i f f e r e n c e  between log R2 and i t s  average value are normally d i s t r i b u t e d ,  

e r a d a r  cross s e c t i o n  i n  db w i l l  a l s o  be normally d i s t r i b u t e d  about 
va lue  i n  db. Seve ra l  graphs have been prepared which i , f lustrate 

d i s t r i b u t i o n  parameters  of l o g  R1 and l og  R which could y i e l d  t h e  observed 

d i s t r i b u t i o n  parameters of l o g  u.  Work i s  now t a k i n g  p l a c e  on whether t h i s  

assumption i s  a reasonable  one. 

2 

A con jec tu re  which may prove t o  be Ese fu l  he re  i s  t h a t  exemination of  

t h e  photogrammetric maps produced during t h e  s t a t i c  tests w i l l  y i e l d  l o g  

normally d i s t r i b u t e d  r a d i i  of curva ture .  

f u r t h e r  i n v e s t i g a t i o n .  

This  p o i n t  w i l l  be t h e  s u b j e c t  of 

Its s i g n i f i c a n c e  i s  t h a t  it would provide  a means of 
i o n s  of the bal loon  from s p h e r i c a l .  

ich kas been advanced ' to  accoun 

o f t h e  c ross  section return is  the p o s s i b i l i t y  of t h e  

presence  of two independent scatterers whose r e t u r n s  combine i n  a fash ion  

which produces a normal r e t u r n .  If two c r o s s  s e c t i o n s  which a re  e s s e n t i a l l y  

c o n s t a n t  combine wi th  random r e l a t i v e  phase, then  t h e  r e t u r n  has  a d i s t r i b u -  

t i o n  whose c loseness  t o  a normal d i s t r i b u t i o n  depends on t h e  r e l a t i v e  magnitude 

of t h e  two s c a t t e r i n g  bodies .  

caused by random changes i n  t h e  r e l a t i v e  l o c a t i o n  of a f i x e d  p a i r  of s c a t t e r i n g  

c e n t e r s .  Fur ther  examination is now being made of t h e  p o s s i b i l i t y  t h a t  t h e  

phase ang le  could be uniformly d i s t r i b u t e d ,  i . e . ,  t h a t  any phase a.ngle i s  

equal ly  l i k e l y .  

Such combination i n  random fash ion  might be 

. .  



IV. CONCLUSIONS 

The r a d a r  po r t ion  of  t h e  f l i g h t  t e s t  experiment monitored t h e  c r o s s  

s e c t i o n  of ECHO I1 as a func t ion  of time. A s  a r e s u l t  of phys i ca l  inspec- 

t i o n  of  t h e  analog da ta  and of prel iminary process ing  of t h e  d i g i t a l  da ta ,  

it i s  poss ib l e  t o  o f f e r  a t  t h i s  time pre l iminary  conclus ions  concerning 

t h e  phys ica l  d e s c r i p t i o n  of t h e  bal loon and i t s  q u a l i t y  a s  a pass ive  corn- 

munication s a t e l l i t e .  

4.1 Phys ica l  Descr ip t ion  of ECHO I1 

through data procees ing  ,the followin 

a. The ball generally s p h e r i c a l  shape having 
appzoximately t h e  design radius of 67.5 feet  

The sphere has  many minor p e r t u r b a t i o n s  i n  i t s  shape and a t  
l eas t  one major de€ormation, as ind ica t ed  by t h e  marked drop 

i n  c ros s  s e c t i o n  shown i n  F igure  2. 

b. 

4.2 Ef fec t iveness  as  a Communication S a t e l l i t e  

t h e  r a d a r  c r o s s  s e c t i o n  s t a t i s t i c s  der iv-  

stimate t h e  effect iveness  of 
,is shown i n  Section 11. For 

i ve  t o  high quality aud io  t ranamiss ion  

frequency of 3000 mc a fading rate of 

For lower f requencies  t h e  q u a l i t y  de t e r io -  0.05 percen t  i s  predic ted .  

rates. 

l i t e  f o r  frequency modulated s i g n a l s  a t  f requencies  g r e a t e r  than  2000 mc. 

The ECHO I1 is  p red ic t ed  t o  be a r e l i a b l e  communications sa te l -  

4 .3  Anomalies 

Anomalies exh ib i t ed  i n  t h e  r ada r  c r o s s  s e c t i o n  da ta  can be explained 

i n  terms of minor geometric pe r tu rba t ions  of t h e  bal loon su r face .  

explana t ions  which have been offered,  i n  p a r t i c u l a r :  

Other 
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a .  p l a s m  e f f e c t s  

b. ho les  i n  t h e  bal loon 

c .  multi-pathing 

have been examined i n  q u a n t i t a t i v e  d e t a i l  and a r e  i n c o n s i s t e n t  wi th  e i t h e r  

t h e  da ta  or with w e l l  e s t ab l i shed  phys ica l  laws. 

4.4 Short  Duration, Large Amplitude S c i n t i l l a t i o n s  

The f l i g h t  data  e x h i b i t s  one e f f e c t  which i s  d i f f i c u l t  t o  expla in  on 

t h e  b a s i s  of ground t e s t  r e s u l t s .  

dependent radar cross s e c t i o n  p a t t e r n s  of s h o r t  du ra t ion  s c i n t i l 1 a t i o n . s  of 
This  i s  t h e  ex i s t ence  i n  t h e  t ime 

i n t f h a t i o n s  have l i t t l e  effect on t h e  radar cross s e c t i o n  

s ta t i s t ics  
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